Several studies report varying incidence rates of cancer in subsites of the colorectum, as an increasing proportion appears to develop in the proximal colon. Varying incidence trends together with biological differences between the colorectal segments raise questions of whether lifestyle factors impact on the risk of cancer differently at colorectal subsites. We provide an updated overview of the risk of cancer at different colorectal subsites (proximal colon, distal colon, and rectum) according to BMI and physical activity to shed light on this issue. Cohort studies of colorectal cancer, published in English throughout 2010, were identified using PubMed. The risk estimates from 30 eligible studies were summarized for BMI and physical activity. A positive relationship was found between BMI and cancer for all colorectal subsites, but most pronounced for the distal colon [relative risk (RR) 1.59, 95% confidence interval (CI) 1.34-1.89]. For the proximal colon and rectum, the risk estimates were 1.24 (95% CI 1.08-1.42) and 1.23 (95% CI 1.02-1.48), respectively. Physical activity was related inversely to the risk of cancer at the proximal (RR 0.76, 95% CI 0.70-0.83) and distal colon (RR 0.77, 95% CI 0.71-0.83). Such a relationship could not be established for the rectum (RR 0.98, 95% CI 0.88-1.08).
Introduction
Global estimates for 2008 indicate that colorectal cancer is the third most common cancer in the western world (Ferlay et al., 2010) . Over the last decades, several countries have reported varying incidence rates in the different colorectal subsites, including a trend toward an increasing proportion of cancers occurring in the proximal colon (Beart et al., 1983; Slater et al., 1984; Jass, 1991; Kee et al., 1992; Levi et al., 1993; Thorn et al., 1998; Cucino et al., 2002; Mitry et al., 2002; Takada et al., 2002; Scheiden et al., 2005; Saltzstein and Behling, 2007; Singh et al., 2008; Toyoda et al., 2009; Larsen and Bray, 2010) . The reason for this trend is not well understood.
A report from the World Cancer Research Fund and American Institute for Cancer Research (WCRF/AICR) estimates that almost 45% of all colorectal cancers in high-risk populations can be prevented through modifications in diet, physical activity habits, and/or body weight (WCRF/AICR, 2007) . According to this report, there is convincing evidence that body fatness increases the risk of colorectal cancer. It states further that there is convincing evidence of an inverse relationship between physical activity and the risk of colorectal cancer, although the evidence is considered to be the strongest for colon cancer (WCRF/AICR, 2007) .
The proximal colon, distal colon, and rectum all derive from different segments in the primitive intestinal tract in the embryo. However, differences also exist that relate to physical functioning, arterial supply, histological features as well as innervations (Iacopetta, 2002; Li and Lai, 2009 ). In addition, distal colon cancer and rectal cancer are observed to be more similar in terms of mutational frequencies than cancers of the proximal colon. Altogether, the biological differences and the varying incidence rates described in the colorectal subsites raise the question of whether colorectal cancers really are different diseases depending on their anatomic location. We thus hypothesized that there would be differences in the association between established lifestyle factors and the risk of cancer across the colorectal segments.
The present study aims to provide an updated overview of risk estimates for colorectal cancer by subsites A total of 558 records were initially identified and imported to a study database. After a thorough review of these articles on the basis of the inclusion and exclusion criteria listed above, 26 studies were included (Gerhardsson et al., 1986; Wu et al., 1987; Severson et al., 1989; Chute et al., 1991; Giovannucci et al., 1995; Thune and Lund, 1996; Terry et al., 2001 Terry et al., , 2002 Chao et al., 2004; Lin et al., 2004; MacInnis et al., 2004 MacInnis et al., , 2006a MacInnis et al., , 2006b Moore et al., 2004; Wei et al., 2004; Otani et al., 2005; Friedenreich et al., 2006; Samanic et al., 2006; Lee et al., 2007; Mai et al., 2007; Howard et al., 2008; Moradi et al., 2008; Nilsen et al., 2008; Laake et al., 2010; Morois et al., 2010; Oxentenko et al., 2010) . In addition, four studies (Martinez et al., 1997; Kuriyama et al., 2005; Larsson et al., 2006; Wolin et al., 2007) were identified and included on the basis of a systematic scan of the reference lists of the retrieved articles. In the following cases, more than one study from the same cohort was included. Two studies from the Nurses' Health cohort reported risk estimates for the association between BMI and colorectal cancer; one presented estimates for the proximal and distal colon only (Martinez et al., 1997) , whereas one presented estimates for rectal cancer (Chute et al., 1991) . Three studies were based on the Melbourne Collaborative Cohort; two studies reported risk estimates for the colonic subsites separately for men (MacInnis et al., 2004) and women (MacInnis et al., 2006a) , and one reported estimates for rectal cancer for both sexes combined (MacInnis et al., 2006b) . Three studies from the Nurses' Health cohort reported risk estimates for the association between physical activity and colorectal cancer; two studies reported risk estimates for colonic subsites (Martinez et al., 1997; Wolin et al., 2007) , but the studies differed with respect to age and time of follow-up, whereas one study reported estimates for rectal cancer only (Wei et al., 2004) .
If a study reported risk estimates for several exposure subgroups, the estimate from the comparison between groups with the most pronounced contrast was used (Mai et al., 2007; Wolin et al., 2007) . Similarly, if risk estimates were reported for several age groups, the estimate covering the largest age span was used (Terry et al., 2001 (Terry et al., , 2002 Moore et al., 2004) .
The studies reported risk estimates for one or two of three commonly applied physical activity domains (lifetime activity, recreational activity, and occupational activity), and risk estimates were abstracted for separate analyses for each domain. The effect size and 95% CI were inverted for studies in which the most active level was used as the reference group (Gerhardsson et al., 1986; Moradi et al., 2008) . If a study reported estimates for several domains, risk estimates were abstracted for lifetime, recreational or occupational activity, in that order, for analyses of physical activity overall.
In two studies, separate risk estimates were provided for the cecum/ascending colon, transverse colon, descending colon, and sigmoid colon (Gerhardsson et al., 1986; Samanic et al., 2006) . Sufficient information was not specified to allow for the results to be combined to calculate estimates for the predefined proximal and distal colon. We therefore chose to use the estimates for the cecum/ascending colon and sigmoid colon to represent the proximal and distal colon, respectively, as these groups were based on the highest number of cases.
The studies were further categorized into high or low risk for bias on the basis of confounding factors controlled for in the analyses. The factors considered to be the main potential confounders of the association between colorectal cancer and BMI were age, intake of dietary items, and physical activity, and for the association with physical activity, the main factors were considered to be age, intake of dietary items, and BMI. Studies that adjusted for age and at least one of these factors were considered to have a lower risk of bias than studies that did not.
Heterogeneity was assessed using I 2 , t 2 , and Q statistics (Higgins and Thompson, 2002) , and small-study effects were assessed using funnel plots and tested using the Egger test (Egger et al., 1997) . The impact of small-study effects was assessed using the trim-and-fill method (Duval and Tweedie, 2000) . Random-effects meta-regression (REML) was used to compare subsite summary estimates, and used in subgroup analyses by sex and risk of bias. Analyses were carried out using Stata/MP 12.1 (metaan, metafunnel, metabias, metatrim, metareg) (StataCorp, 2011) .
Results
Altogether, 30 studies were included in the present review. Relevant information on the cohorts, cohort sizes, number of cases, sex, age, follow-up time, and confound-ing factors was abstracted from the publications and is presented according to BMI (Wu et al., 1987; Chute et al., 1991; Martinez et al., 1997; Terry et al., 2001 Terry et al., , 2002 Lin et al., 2004; MacInnis et al., 2004 MacInnis et al., , 2006a MacInnis et al., , 2006b Moore et al., 2004; Kuriyama et al., 2005; Otani et al., 2005; Larsson et al., 2006; Samanic et al., 2006; Laake et al., 2010; Morois et al., 2010; Oxentenko et al., 2010) and physical activity (Gerhardsson et al., 1986; Wu et al., 1987; Severson et al., 1989; Giovannucci et al., 1995; Thune and Lund, 1996; Martinez et al., 1997; Chao et al., 2004; Wei et al., 2004; Friedenreich et al., 2006; Larsson et al., 2006; Lee et al., 2007; Mai et al., 2007; Wolin et al., 2007; Howard et al., 2008; Moradi et al., 2008; Nilsen et al., 2008) in Tables 1 and 2, respectively. Eleven studies involved only women (Chute et al., 1991; Martinez et al., 1997; Terry et al., 2001 Terry et al., , 2002 Lin et al., 2004; Wei et al., 2004; MacInnis et al., 2006a; Mai et al., 2007; Wolin , 4, 5, 9, 10, 11, 13 The Cohort of Swedish Men COSM Lin et al. , 4, 5, 7, 10, 11, 12, 13, 14 The French E3N-EPIC Prospective Study
E3N-EPIC
Otani et al. Morois et al., 2010; Oxentenko et al., 2010) , six involved only men (Gerhardsson et al., 1986; Severson et al., 1989; Giovannucci et al., 1995; MacInnis et al., 2004; Larsson et al., 2006; Samanic et al., 2006) , 13 involved both sexes, whereas four did not report sex-specific results (Chao et al., 2004; Moore et al., 2004; Friedenreich et al., 2006; Nilsen et al., 2008) .
Twenty-two studies considered the confounding effect of age and at least one of the other aforementioned important confounding factors. These were thus classified as having a lower risk of bias. The remaining eight studies were classified as having a higher risk of bias (Gerhardsson et al., 1986; Chute et al., 1991; MacInnis et al., 2004 MacInnis et al., , 2006a MacInnis et al., , 2006b Samanic et al., 2006; Mai et al., 2007; Moradi et al., 2008) .
Meta-analyses
A random-effects summary estimate and the cohort study estimates, with 95% CIs, are presented in forest plots, separately for BMI ( Fig. 1 ) and overall physical activity ( Fig. 2) , with cohort study estimates ordered by the magnitude of their SE.
Random-effects estimates with 95% CIs and log relative risks with 95% CIs, with results from I 2 , t 2 , and Q statistics and Egger tests are presented in a table for BMI, overall physical activity, and for the three physical activity domains (lifetime, recreational, occupational), respectively ( Table 3) . The effect estimates, abstracted from the articles, as well as the exposure categories are provided in tables, for BMI (Table 4 ) and overall physical activity ( Table 5 ).
The results of subgroup analyses showed no statistically significant difference between the results for men and women or between studies with a higher risk of bias compared with those with a lower risk (not shown). When investigating variation between physical activity domains, some differences were observed. Studies investigating the effect of lifetime physical activity showed a significantly The numbers, all or partly, come from tables and may thus not include all cases in the cohort. b 1 = age, 2 = sex, 3 = BMI, 4 = physical activity, 5 = smoking, 6 = dietary items, 7 = energy intake, 8 = history of polyps, 9 = NSAIDS/aspirin, 10 = family history of CRC, 11 = education, 12 = hormone replacement therapy or oral contraceptive use, 13 = others, 14 = alcohol. B, both sexes: c separate, d combined. stronger association for the proximal colon than did studies investigating the effect of recreational or occupational activity. In general, studies investigating the effect of occupational activity showed weaker effects than studies investigating lifetime or recreational activity (Table 3) .
For rectal cancer, there was some evidence for bias in the meta-analyses. Results from an Egger test and I 2statistics indicated a significant effect of small studies and between-study variation, but most prominent for the male-only studies (Table 3) . This was observed both for BMI and for physical activity. A visual inspection of the funnel plots ( Fig. 3 ) indicated asymmetry for rectal cancer with respect to BMI and physical activity. Further, results from the trim-and-fill method showed that six and seven studies would be needed to obtain symmetry for rectal cancer, for BMI and physical activity, respectively. For BMI, heterogeneity may also influence the estimates for the distal colon (Table 3) .
Body mass index
Sixteen studies were included in the meta-analyses (Wu et al., 1987; Chute et al., 1991; Martinez et al., 1997; Terry et al., 2001 Terry et al., , 2002 Lin et al., 2004; MacInnis et al., 2004 MacInnis et al., , 2006a MacInnis et al., , 2006b Moore et al., 2004; Kuriyama et al., 2005; Otani et al., 2005; Larsson et al., 2006; Samanic et al., 2006; Laake et al., 2010; Morois et al., 2010; Oxentenko et al., 2010) of BMI. The results indicate a statistically significant association between BMI and the risk of cancer for all the anatomical localizations, with the strongest effect for the distal colon (Fig. 1) . Three studies observed a significant positive association between BMI and the risk of cancer of the proximal colon (Lin et al., 2004; Moore et al., 2004; Samanic et al., 2006) . In the US Women's Health Study, an increased risk of proximal colon cancer was found for obese women (BMI Z 30 kg/m 2 ) relative to women with BMI less than 23 kg/m 2 (Lin et al., 2004) . Similar results were obtained in the study based on the Framingham cohort, including both sexes (Moore et al., 2004) , and in a Swedish occupational cohort of men (Samanic et al., 2006) . Six studies reported a positive association between BMI and the risk of cancer at the distal colon (Martinez et al., 1997; MacInnis et al., 2004; Kuriyama et al., 2005; Samanic et al., 2006; Laake et al., 2010; Morois et al., 2010; Oxentenko et al., 2010) . In the studies based on EPIC (Morois et al., 2010) , the Iowa Women's Health Study (Oxentenko et al., 2010) , the Nurses' Health Study (Martinez et al., 1997) , and the Norwegian Counties Study (NCS) (Laake et al., 2010) , obese women had an increased risk for distal colon cancer and in the studies from MCCS (MacInnis et al., 2004) , the NCS (Laake et al., 2010) , and the Occupational Safety and Health cohort (Samanic et al., 2006) , a significant association was also shown for men.
For rectal cancer, most studies indicated a positive association of the risk of cancer and BMI, but only one study reported a statistically significant relationship (Samanic et al., 2006) . 
Physical activity
Sixteen published cohort studies (Gerhardsson et al., 1986; Wu et al., 1987; Severson et al., 1989; Giovannucci et al., 1995; Thune and Lund, 1996 (Table 2) . Predominantly on the basis of information from questionnaires regarding frequency and intensity of physical activity, these levels were classified as vigorous/high, moderate, or sedentary/inactive. In seven studies, quartiles or quintiles of a metabolic Table 4 Relative risks with 95% confidence intervals for cancers of the proximal colon, the distal colon, and the rectum from the cohort studies investigating the relationship between body mass index and the risk of cancer equivalent score were used as a proxy for the physical activity level (Giovannucci et al., 1995; Martinez et al., 1997; Wei et al., 2004; Friedenreich et al., 2006; Larsson et al., 2006; Wolin et al., 2007) .
The meta-analyses for overall physical activity showed a significant inverse relationship between physical activity and the risk of colon cancer, with almost identical effect estimates for the proximal and distal colon (Fig. 2) . Those most physically active were observed to have a 23-24% lower risk of colon cancer compared with those least active. For rectal cancer, no statistically significant association was observed (Fig. 2) .
Lifetime physical activity
Five studies reported risk estimates with respect to lifetime physical activity (Severson et al., 1989; Thune and Lund, 1996; Friedenreich et al., 2006; Larsson et al., 2006; Lee et al., 2007) . The meta-analyses suggest an inverse association between physical activity and cancer at all colorectal subsites, although the strongest effect was shown for the proximal colon (Table 3) . Two studies reported a statistically significant inverse association between physical activity and cancer of the proximal colon Lee et al., 2007) . The EPIC study showed a reduced risk of cancer for the highest level of physical activity compared with the lowest level for both sexes combined , and an even stronger association was observed for the men of the Japan Public Health Study . For the distal colon and rectum, no studies reported statistically significant associations.
Recreational physical activity
Nine studies reported risk estimates for recreational activity (Wu et al., 1987; Giovannucci et al., 1995; Martinez et al., 1997; Friedenreich et al., 2006; Larsson et al., 2006; Mai et al., 2007; Wolin et al., 2007; Howard et al., 2008; Nilsen et al., 2008) . The meta-analyses suggest Funnel plots for studies on rectal cancer for BMI (a) and overall physical activity (b), with pseudo 95% confidence limits. ln (RR), log relative risks.
BMI, physical activity, and colorectal cancer Robsahm et al. 501 a significant inverse association between recreational physical activity and cancer of all colorectal subsites (Table 3) . Results from the CPS-II study showed a significantly lower risk of proximal colon cancer for those in the highest physical activity level compared with those least active, both sexes combined (Chao et al., 2004) , and an even stronger relationship was observed for women in the Population-Based Cohort of Norway (Thune and Lund, 1996) . The risk of cancer at the distal colon was inversely related to physical activity in the Nurses' Health Study (Martinez et al., 1997; Wolin et al., 2007) , the Cohort of Swedish Men (Larsson et al., 2006) , the Health Professionals Follow-up Study (Giovannucci et al., 1995) , and in the Norwegian HUNT cohort, both sexes combined (Nilsen et al., 2008) . Results from the NIH-AARP Study (Howard et al., 2008) observed a beneficial effect of physical activity for rectal cancer in men.
Occupational physical activity
Five studies reported risk estimates with respect to occupational activity (Gerhardsson et al., 1986; Thune and Lund, 1996; Friedenreich et al., 2006; Larsson et al., 2006; Moradi et al., 2008) . The meta-analyses indicated an inverse relationship between physical activity and the risk of cancer for all subsites (Table 3) . Two census-based Swedish studies reported a higher risk of colon cancer in individuals with sedentary occupations versus those most physically active, although the subsite association varied by sex (Gerhardsson et al., 1986; Moradi et al., 2008) . For both sexes, an inverse association was observed between physical activity and the risk of cancer in the proximal colon, whereas for the distal colon the association was significant only for men.
Discussion
This review summarizes the risk estimates of colorectal cancer by subsites from 30 cohort studies, examining factors established to have an impact on cancer development, to shed light on whether the associations of these factors differ between the colorectal segments. The results suggest minor differences in the association between BMI and the risk of cancer between the colorectal subsites. A significantly increased risk of cancer was observed for high versus normal BMI for all the colorectal subsites. For physical activity, the association did not differ between the colonic subsites. A difference in the risk of cancer between the colon and rectum was, however, observed, whereas no association was found for rectal cancer. A significantly reduced risk of about the same magnitude was observed for proximal and distal colon cancer among those with the highest level of physical activity compared with those least active.
The study has some methodological issues that need to be pointed out. First, there is variability in the degree to which the studies included consider potential confounding variables in their analyses. There was, however, scarce evidence of this affecting the estimates resulting from the studies with a relatively higher or lower risk of bias. Nevertheless, some bias in the meta-analyses for rectal cancer may exist because of this fact. Some variability was observed in the analyses of the distal colon for BMI and in the analyses of the rectum both for BMI and for physical activity, which might be attributable to heterogeneity. The funnel plots (Fig. 3 ) indicated asymmetry and several additional studies were shown to be needed to obtain symmetry for rectal cancer, both for BMI and for physical activity. Altogether, this suggests that caution should be exercised in the interpretation of the results obtained for rectal cancer in particular.
The follow-up time across studies varied from 2 to more than 40 years. Short-term follow-up studies tend to accrue a lower number of cases, and the resulting estimates are thus subject to greater uncertainty. Long-term follow-up studies commonly accrue a greater number of cases, but may also be prone to measurement errors as the exposure status may change over time. However, carcinogenesis occurs over an extended time period, and distantly measured exposures may reflect exposures at biologically relevant time periods. Further, the number of cancer cases analyzed ranged from 126 to 30 096 cases. The substratification of cases by sex, tumor location, and exposure categories, as presented here, inevitably leads to smaller numbers and a greater degree of imprecision in the estimates, even for relatively large studies. Statistically significant associations may thus be more spurious at the subsite-specific level. Moreover, it is difficult to measure the level of physical activity in a valid and reliable way, and it is particularly difficult to assess the lifetime level of activity (Thune, 2000) . Although occupational categorizations, interviews, and questionnaire data are the commonly available tools to measure activity levels in epidemiological studies, misclassification might be a problem. As a consequence, the possible beneficial effect of physical activity on the risk of cancer might have been diluted. Below, we discuss the observed results and plausible mechanisms that may underlie the observed differences in the risk of cancer across the three subsites.
Body mass index
The present review indicated minor differences in the association between BMI and the risk of cancer across the colorectal subsites. The association observed for the distal colon was slightly stronger than the association observed for the proximal colon and rectum. In women, the strength of the association between colorectal cancer and BMI might depend on menopausal status and the specific anthropometric measure used, and in general, stronger associations are commonly found for premenopausal women (Terry et al., 2001; Pischon et al., 2006; Reeves et al., 2007; Oxentenko et al., 2010) .
Several mechanisms are hypothesized to be involved in the pathway that links obesity to colorectal cancer, and mechanisms related to metabolic syndrome are suggested to play a major role (John et al., 2006; Giovannucci, 2007; Pais et al., 2009) . Metabolic syndrome is associated with obesity, particularly abdominal fatness, and physical inactivity (Giovannucci, 2007) . Briefly, the mechanisms involved are elevated levels of insulin and insulin-like growth factors, which inhibit apoptosis, act on cell proliferation, increase cell turnover, and thus increase the risk of cellular transformations (John et al., 2006; Pais et al., 2009 ). Although we cannot be entirely certain about the biological mechanisms in operation, the present results do not indicate that the potential mechanisms in place impact differently on the various colorectal segments.
Physical activity
The meta-analyses for overall physical activity suggest an inverse relationship between physical activity and the risk of colon cancer, but that this relationship does not differ between the colonic subsites. For rectal cancer, no association was observed. Separate analyses by physical activity domains (lifetime, recreational, occupational) indicate an inverse association for all the colorectal subsites.
Studies on physical activity have been reviewed previously according to the incidence of colorectal cancer (Giacosa et al., 1999; Thune and Furberg, 2001; Spence et al., 2009) and colon cancer (Macfarlane and Lowenfels, 1994) , although focus has not been on possible differences between the colonic subsites. In 2007, the WCRF/ AICR considered the evidence for physical activity being protective against colon cancer to be convincing, whereas the evidence for rectal cancer was considered less strong (WCRF/AICR, 2007) . This report did not differentiate between the colonic subsites. The present review investigated the effect of physical activity and the risk of cancer for the proximal colon, distal colon, and rectum, showing results that support the conclusion reported by WCRF/AICR. Recently, Boyle et al. (2012) published a review investigating the association between physical activity and the risk of cancer by colonic subsites, not including the rectum (Boyle et al., 2012) . Also, they obtained almost identical results for the proximal and distal colon of a magnitude similar to those observed in the present study, although our meta-analysis included a larger number of studies.
Physical activity is suggested to directly influence the risk of cancer as it decreases bowel transit time and hence reduces the exposure of fecal carcinogens at the colonic mucosal surface (Friedenreich and Orenstein, 2002) . This may influence the colonic segments differently as the segments have different transit activity (Moreno-Osset et al., 1989; Wagener et al., 2004) . Another mechanism may be related to prostaglandins and bile acid levels. These are factors involved in the proliferation and growth of colonic cells, and physical activity is suggested to regulate the levels of these factors in a beneficial way (McTiernan et al., 1998; Ochsenkuhn et al., 1999; Wertheim et al., 2009) . As bile acid is reabsorbed in the proximal colon (McMichael and Potter, 1985) , a lower bile acid concentration should be most beneficial for the proximal segment. Further, physical activity may influence the risk of cancer by preventing obesity (McTiernan et al., 1998; Friedenreich and Orenstein, 2002) . The present review indicates that the biological mechanisms act similarly in the proximal and distal segments of the colon, but the different results for the colon and rectum suggest that other mechanisms may also be involved.
Conclusion
This review shows a positive relationship between BMI and the risk of cancer for all the colorectal subsites evaluated (proximal colon, distal colon, and rectum), with the strongest association for the distal colon. An inverse relationship was observed between physical activity and cancer of the proximal and distal colon, whereas such a relationship could not be established for the rectum. Altogether, the results suggest minor differences in the association between BMI and the risk of cancer between the colorectal segments. For physical activity, the association does not seem to differ across the colonic subsites, but a difference between the colon and the rectum was observed, perhaps indicating different mechanisms acting in the development of colon and rectum cancer, respectively.
